Idiopathic pneumonia syndrome (IPS) refers to a diffuse, noninfectious, acute lung injury after hematopoietic stem cell transplantation. Historically, IPS is associated with respiratory failure and mortality rates exceeding 50%. Preclinical studies have implicated tumor necrosis factor-␣ as an important effector molecule in the development of disease. We studied the tumor necrosis factor-␣ inhibitor, etanercept, combined with corticosteroids in treating 15 patients (median age, 18 years; range, 1-60 years) with IPS. Eight of 15 patients required mechanical ventilation at therapy onset. Etanercept was administered subcutaneously at a dose of 0.4 mg/kg (maximum 25 mg) twice weekly, for a maximum of 8 doses. Therapy was well tolerated with no infectious pulmonary complications noted. Ten of 15 patients had a complete response, defined as the ability to discontinue supplemental oxygen support during study therapy. The median time to complete response was 7 days (range, 3-18 days), with a day 28 survival of 73%. IPS onset was associated with elevations of several inflammatory proteins in the bronchoalveolar lavage fluid and plasma, and response to therapy correlated with reductions in pulmonary and systemic inflammation. The combination of etanercept and corticosteroids is safe and is associated with high response rates and improved survival in patients with IPS. 
Introduction
Noninfectious lung injury is a frequent and severe complication of hematopoietic stem cell transplantation (HCT) both in the immediate posttransplantation period and in the months and years that follow. In the acute setting, a diffuse interstitial process, termed idiopathic pneumonia syndrome (IPS), may develop. [1] [2] [3] In 1993, a panel convened by the National Institutes of Health (NIH) proposed a broad working definition of IPS to include widespread alveolar injury in the absence of active lower respiratory tract infection after HCT. 1 The NIH panel stressed that they considered this definition to be that of a clinical syndrome, with variable histopathologic correlates and several potential etiologies. Diagnostic criteria of IPS include signs and symptoms of pneumonia, nonlobar radiographic infiltrates, abnormal pulmonary function, and the absence of infectious organisms in the lower respiratory tract. 1 Published reports indicate that IPS develops in 7% to 15% of allogeneic HCT patients, a median of 14 to 42 days after transplantation. Survival after onset is poor, with mortality rates of 50% to 80% reported. 1, [4] [5] [6] The typical clinical course involves a rapid onset of respiratory failure leading to death, underscoring the critical nature of this transplantation-related complication. 4 Potential etiologies for IPS include direct toxic effects of HCT conditioning regimens, the presence of occult pulmonary infections, and damage from inflammatory cytokines that have been implicated in other forms of pulmonary injury. 1, 2, [6] [7] [8] Although IPS has been reported after autologous HCT, it is primarily a complication of allogeneic transplantations, suggesting that immunologic factors may be important. 3, 4, 9 Furthermore, the development of acute graft-versushost disease (GVHD) often precedes IPS, a finding that supports a possible causal relationship between these 2 complications. [9] [10] [11] Murine IPS models suggest that the lung is a target of 2 distinct, but interrelated, pathways of immune-mediated injury: 1 involving soluble inflammatory effectors including tumor necrosis factor-␣ (TNF-␣) and the other driven by antigen specific, donor T-cell effectors. Both pathways synergize to cause inflammation, cellular injury, and pulmonary dysfunction after allogeneic HCT. 7 Based directly on this preclinical work, we initiated a translational research endeavor using a soluble TNF-␣-binding protein, etanercept (Enbrel; Amgen, Thousand Oaks, CA), for the treatment of IPS. Etanercept is a dimeric protein consisting of 2 soluble p75 TNF receptors fused to the Fc portion of a type I immunoglobulin molecule. [12] [13] [14] This agent has shown efficacy in multiple clinical trials for the treatment of rheumatoid arthritis and psoriasis [15] [16] [17] and recently has been reported in clinical trials for the treatment of acute and chronic GVHD. [18] [19] [20] [21] Our data show that the combination of etanercept and corticosteroids for treating IPS is associated with high response rates, improved survival, and acceptable toxicity. patients were more than or equal to 1 year in age, recipients of allogeneic HCT and within 100 days of stem cell infusion. All patients had evidence of IPS as defined by NIH working group criteria (Table 1) . 1 There were no restrictions based on underlying disease, stem cell source, transplantation conditioning regimen, or donor-recipient human leukocyte antigen match. Exclusion criteria included the presence of any of the following after at the time of enrollment: (1) an active pulmonary infection as determined by positive culture of bronchoalveolar lavage (BAL) fluid; (2) hypotension in which inotropic support other than dopamine at less than 5 g/kg per minute was required; (3) bacteremia within 48 hours before study entry; (4) cytomegalovirus (CMV) viremia (by CMV polymerase chain reaction [PCR] or pp65 antigenemia); (5) systemic fungal or other nonbacterial infections; or (6) clinical or echocardiographic evidence for cardiac dysfunction as the cause of respiratory failure. Quantitative bacterial cultures with more than 10 4 CFU/mL were considered abnormal on BAL fluid analysis. All patients (or their surrogates) and controls (see "Patient controls") gave written, informed consent in accordance with the Declaration of Helsinki, and the trial was approved by the respective Institutional Review Boards of the University of Michigan and the Dana-Farber Cancer Center.
Patient controls
Two subject groups served as controls for BAL fluid cytokine studies: (1) HCT recipients with chronic noninfectious pulmonary dysfunction (11 subjects) and (2) healthy volunteers (5 subjects). Patients with chronic noninfectious pulmonary dysfunction were more than 100 days after HCT (median, 965 days), had no evidence for active systemic or lower respiratory tract infection as determined by BAL, and met pulmonary function criteria for either obstructive or restrictive lung disease. Healthy volunteers were subjects with no prior history of transplantation, malignancy, or other significant medical disorder.
Two subject groups served as controls for the plasma cytokine studies: (1) HCT recipients who had an "uncomplicated transplantation course" through day 100 (9 subjects) and (2) from healthy volunteers (7 subjects). Subjects with an "uncomplicated transplantation course" received a myeloablative conditioning regimen and subsequently exhibited no signs of acute GVHD, hepatic veno-occlusive disease, significant infections, or pulmonary dysfunction through day 100 after HCT. Plasma samples were obtained between days 14 and 21 after transplantation in this group of control subjects.
Transplantation protocols
Conditioning regimen consisted of myeloablative doses of total body irradiation Ϯ cyclophosphamide or melphalan (n ϭ 5), busulfan/cyclophosphamide (n ϭ 3) plus cytarabine (n ϭ 1), cyclophosphamide/BCNU/ etoposide (n ϭ 3), and reduced intensity dosing of cyclophosphamide/total lymphoid irradiation (n ϭ 1), or fludarabine/busulfan/total lymphoid irradiation (n ϭ 1). Total body irradiation was delivered in 6 fractions (200 cGy/ fraction) over 3 days without lung shielding (or 7 fractions over 4 days with lung shielding). Total lymphoid irradiation was administered in a single 400 cGy fraction. GVHD prophylaxis consisted of tacrolimus plus methotrexate (5 mg/m 2 on days 1, 3, 6, and 11) in 14 patients, or tacrolimus plus sirolimus in one patient. Acyclovir prophylaxis was given for HSVseropositive patients, and ganciclovir prophylaxis (5 mg/kg twice weekly) given days 30 through 100 after HCT if either the patient or donor were CMV seropositive.
Study design
All patients underwent a chest radiograph, bronchoscopy with BAL, CMV blood assays (CMV PCR or pp65 antigen), aerobic blood cultures, and a clinical assessment of pulmonary dysfunction at the time of study entry. Computed tomography was recommended but not mandated. Assessment of pulmonary function included arterial blood gas measurements, the percentage of inhaled oxygen required to achieve an oxygen saturation (SpO 2 ) more than 93%, and SpO 2 on ambient air (if not intubated). Chest radiographs were performed twice within the first 7 days of therapy and then weekly through day 28 of study. CMV assays were performed weekly through day 28 . Complete blood counts, serum electrolytes, BUN, creatinine, liver function tests, and plasma cytokine analysis were performed at study entry and then weekly through day 28. Patients who completed the 28-day therapy course underwent a repeat BAL procedure between days 28 and 35 of study. Toxicity assessments, duration of supplemental oxygen support, day 28 survival, and overall survival were recorded.
Bronchoalveolar lavage
BAL fluid samples were collected in a systematic fashion. During bronchoscopy, a maximum of 2 mL/kg (total) of normal saline were sequentially instilled and aspirated from right-and left-sided lung segments, pooled, and subsequently divided for the following studies: cell count and cytospin, cytopathology, infectious disease studies, and protein analysis. An aliquot of fluid was strained through sterile gauze, and cytospin slides were also prepared for cellular differential and microbiologic assessment. Infectious disease studies included gram stain, fungal stain, stain for acid-fast bacilli; quantitative bacterial culture, viral cultures for respiratory syncytial virus, parainfluenza, adenovirus, influenza A and B, herpes simplex virus, and CMV; shell vial CMV culture; fungal and mycobacterial cultures, and PCR for Pneumocystis carinii pneumonia. Lavage fluid was also collected and later analyzed in batch for a panel of inflammatory proteins (see "Determination of protein levels by ELISA"). For these analyses, BAL fluid was centrifuged at 350g for 10 minutes, and the cell free supernatants were aliquoted, frozen, and stored at Ϫ80°C.
Plasma samples
Blood for inflammatory cytokine analysis was obtained at study entry and then weekly through day 28 . Blood was collected in heparinized tubes and transported to the University of Michigan Cancer Center Immunology Core Laboratory for processing. The plasma compartment was separated, divided, and stored at Ϫ80°C as per standard operating procedures, until the time of analysis. In addition, plasma samples were obtained before transplantation (before conditioning therapy) for inflammatory cytokine analysis in patients who had signed informed consent for such sample acquisition.
Determination of protein levels by ELISA
Frozen BAL fluid and plasma samples were thawed and analyzed in batch for a panel of inflammatory proteins including TNF-␣, TNFRI, TNFRII, sCD-14, interleukin-1-␤ (IL-1-␤), IL-1ra, transforming growth factor-␤ (TGF-␤; BioSource International, Camarillo, CA), interferon-␥ (IFN-␥), IL-2, IL-6, IL-8, MCP-1 (BD BioSciences PharMingen, San Diego, CA), MIG/CXCL9 (R&D Systems, Minneapolis, MN), lipopolysaccharide binding protein (Cell Sciences, Canton, MA). Enzyme-linked immunosorbent assays (ELISAs) were performed as per the manufacturer's guidelines in the Immunology Core Laboratory at the University of Michigan Medical Center. All samples and controls were run in duplicate. Limits of detection for individual assays are as follows: TNF-␣ (1 pg/mL), TNFRI (50 pg/mL), TNFRII (100 pg/mL), sCD-14 (1 ng/mL), IL-1-␤ (1 pg/mL), IL-1ra (4 pg/mL), TGF-␤ (2 pg/mL), IFN-␥ (1 pg/mL), IL-2 (4 pg/mL), IL-6 (2.5 pg/mL), IL-8 (1 pg/mL), MCP-1(1 pg/mL), MIG/CXCL9 (5 pg/mL), and lipopolysaccharide binding protein (0.1 ng /mL). 
Etanercept therapy
Etanercept therapy was initiated a minimum of 24 hours after the BAL procedure, provided that BAL fluid special stains (gram, fungal, and acid fast bacilli) were negative. Etanercept was reconstituted from a lyophilized powder and administered subcutaneously at a dose of 0.4 mg/kg (maximum dose, 25 mg), twice weekly (72-96 hours between doses), for a maximum total of 8 doses (4-week course). No dosing adjustments were made based on renal or hepatic function. No premedication was administered. All patients were observed for local reactions at the injection site within 30 minutes of a dose. Vital signs, including temperature, blood pressure, heart rate, and respiratory rate, were recorded before and then at 15 and 30 minutes after each dose. Etanercept therapy was discontinued, and not reinstituted, if any one of the following criteria were subsequently met during the course of therapy: (1) prestudy BAL fluid cultures became positive for a pathogenic organism, (2) the patient developed clinical signs of sepsis syndrome, (3) inotropic support (other than dopamine at Ͻ 5 g/kg per minute) was required, (4) the patient developed CMV viremia or CMV disease, or (5) the patient became bacteremic, based on the presence of one (or more) positive blood culture(s) for a potentially pathogenic organism.
Concurrent immunosuppressive therapy
All patients received systemic corticosteroids at the time of study entry. Corticosteroids were administered at 2 mg/kg per day (methylprednisolone equivalent) for the initial 7 days of study therapy and then tapered as clinically indicated. Dosing adjustments for tacrolimus or cyclosporine were allowed based on measurement of serum drug levels. Other immunosuppressive agents were to continue throughout the study therapy, without dosing adjustment, unless clinically warranted.
Statistical analysis
Response was defined as the ability to completely discontinue all supplemental oxygen support within the 28-day study period. The "time to response" was defined as the first of 3 consecutive days in which a patient exhibited a SpO 2 more than 93% off all supplemental oxygen support. Patients who failed to discontinue oxygen support within the 28-day period, those who died from IPS or non-IPS-related causes (by day 28) were counted as nonresponders. The "time to onset of IPS" was defined as the initial day in which both the radiographic features of IPS plus supplemental oxygen support were noted. Neutrophil engraftment was defined as the first of 3 consecutive days with an absolute neutrophil count (ANC) more than 500/L. Platelet engraftment was defined as the first of 3 consecutive days with a platelet count more than 20 000/L without transfusional support. Overall survival was computed using the Kaplan-Meier method. Statistical comparisons of plasma and BAL fluid protein data were completed using a Student t test.
Results

Patient demographics and BAL procedure
Fifteen patients (median, 21 years; range, 1-60 years) meeting the diagnostic criteria for IPS were enrolled ( Table 2) . Thirteen of 15 patients received a myeloablative conditioning regimen, and 2 received a total lymphoid irradiation-based reduced-intensity regimen. Thirteen of 15 patients received an HCT from an unrelated donor, and the remaining 2 patients received transplants using a matched related donor. Hematopoietic cell sources included peripheral stem cells (7), bone marrow (7), and cord blood (1). At diagnosis, 9 patients exhibited grades II to IV acute GVHD (grades III and IV in 3). Eleven patients had engrafted neutrophils and 9 had engrafted platelets at the time of study entry. The median ANC was 1235/L (range, 100-39 100/L), median platelet count 33 000 /cm 3 (range, 5-135 000/cm 3 ), and median hemoglobin 9.3 g/dL (range, 7.9-10.5 g/dL) at study entry. Four patients were neutropenic (ANC Յ 500/L), and 6 exhibited a platelet count less than or equal to 20 000/cm 3 . Cardiac failure was excluded by 
NHL indicates non-Hodgkin lymphoma; AML, acute myelogenous leukemia; Imm, congenital immune disorder; ALL, acute lymphoblastic leukemia; CML, chronic myelogenous leukemia; MDS, myelodysplastic syndrome; URD, unrelated donor; MRD, matched related donor; BM, bone marrow; PSC, peripheral stem cells; Prior steroids, number of days that a patient was on corticosteroids prior to study entry; Prior O2, number of days that a patient required supplemental oxygen support prior to study entry; CBV, cyclophosphamide, busulfan, VP16; MTBI, melphalan, total body irradiation; BuCy, busulfan, cyclophosphamide; BuFlu, busulfan, fludarabine; CyTLI, cyclophosphamide, total lymphoid irradiation; CR, complete response; NR, nonresponder; Rel, relapsed malignancy; CF, cardiac failure; INF, infection; Bact, bacteremia; and -, not applicable.
ETANERCEPT FOR IDIOPATHIC
The median time to onset of IPS was 14 days (mean, 26 days; range, 9-87 days) after transplantation. In most cases (n ϭ 11), IPS developed within 7 days of engraftment. Twelve patients were being treated with corticosteroids for a median of 6 days (range, 1-28 days) before study enrollment. Eight patients required mechanical ventilation at the time treatment was initiated. Four patients were on mechanical ventilation for more than or equal to 48 hours at study entry, with inspired oxygen concentrations ranging between 55% and 100%. The duration of supplemental oxygen support ranged from 1 to 12 days (median, 3 days) before beginning etanercept therapy. Diuretics were administered to all patients at the time of study entry. The median weight change from baseline (admission) to study entry was ϩ2.2 kg (range, 0-8.7 kg), and weight increased from baseline in 13 of 15 cases.
The pretherapy bronchoscopy was overall well tolerated, with no significant complications attributable to the procedure. No patient required persistent mechanical ventilation as a direct consequence of the BAL procedure. Diffuse alveolar hemorrhage (DAH) was suspected in 2 patients (patients 9,10) as determined by the presence of increasingly bloodier lavage returns during bronchoscopy. Etanercept was initiated a median of 2 days (range, 1-4 days) after bronchoscopy. Six responding patients underwent a second BAL procedure within 7 days of completion of etanercept therapy (days [28] [29] [30] [31] [32] [33] [34] [35] , and lavage fluid was available for cytokine analysis in 5 of these patients.
Clinical response
The introduction of etanercept was associated with a reduction in oxygen requirement in 13 patients, and in 10 patients a complete response (CR) to therapy was achieved ( Table 2) . Clearing of radiographic infiltrates accompanied clinical responses (Figure 1) . The median time to CR was 7 days (range, 3-17 days), with a median of 2 etanercept doses (mean, 3 doses; range, 1-5 doses) required to achieve a CR. Two patients achieved CR after the first dose, and 4 achieved CR after the second dose of etanercept. Three of 8 (38%) patients on mechanical ventilation at initiation of etanercept therapy achieved a CR. Patients were more likely to have a CR if etanercept was started early after the onset of clinical IPS symptoms. For the 10 responding patients, therapy was initiated a median of 1 day from the diagnosis of IPS, compared with a median of 3 days in the 5 treatment failures. Although small numbers preclude statistical analysis, the 5 patients who did not achieve CR had a longer duration of severe symptoms (4 of 5 were mechanically ventilated Ն 48 hours) at study entry.
Weight change (before therapy vs after therapy) was not predictive of response. Seven subjects (4 responders, 3 nonresponders) had a decrease in weight (median, Ϫ 2.8 kg) during study therapy. Five subjects (3 responders, 2 nonresponders) had an increase in weight (median, ϩ 0.9 kg) with therapy. The 3 remaining patients (all responders) had no change in weight between study entry and the end of study therapy.
Toxicity and survival
Etanercept therapy was well tolerated, with no episodes of sepsis syndrome or pulmonary infections noted while on study therapy (Table 2) . Eight patients completed the 4-week course of therapy. In the remaining 7 patients, etanercept was discontinued because of the development of bacteremia (n ϭ 3), CMV viremia (n ϭ 1), dermatologic toxicity (n ϭ 1), progressive multiorgan failure (n ϭ 1), and growth of rhinovirus from the prestudy BAL fluid (n ϭ 1). Bacteremic episodes were the result of Enterococcus faecalis (n ϭ 2) or Staphylococcus epidermis (n ϭ 1). One patient (patient 15) developed a bullous dermatitis on the left upper extremity outside the injection site region 48 hours after the initial etanercept dose. Although the patient subsequently had a complete response, this was considered a dose-limiting toxicity, and etanercept was discontinued in this patient. A total of 81 etanercept doses were given to the 15 patients, with no infusionrelated, injection site, or other cutaneous toxicities noted.
Overall survival is shown in Figure 2 . Survival at day 28 and day 56 (from the first etanercept dose) was 73% and 60%, respectively. Patients requiring less than 48 hours of mechanical ventilation before study entry had a median survival of 150 days (range, 46-1425 days), compared with 17 days (range, 3-148 days) for patients requiring mechanical ventilation more than or equal to 48 hours before study entry. Cause of death included progression of For personal use only. on July 15, 2017. by guest www.bloodjournal.org From IPS (n ϭ 5), later-onset (after therapy) infectious etiologies (n ϭ 3), GVHD (n ϭ 2), cardiac failure (n ϭ 1), and disease relapse (n ϭ 1). Three patients remain alive, 705 to 1425 days after therapy (Table 2) .
Proteomic analysis of BAL fluid and plasma
As shown in Figure 3 and Table 3 , the development of IPS was associated with a significant increase in BAL fluid concentrations of several inflammatory mediators, including TNF-␣, sTNFRI, sTNFRII, IL-6, sCD14, lipopolysaccharide binding protein (LBP), IL-1ra, IL-8, MCP-1, and total protein, compared with normal controls and allogeneic HCT recipients with noninfectious, chronic lung injury. By contrast, concentrations of IL-1-␤, IL-2, and IFN-␥ were not appreciably altered in patients with IPS, and levels of TGF-␤ were undetectable. Of the 10 patients who responded, 6 underwent a second BAL procedure at the end of the study period, and samples from 5 of these patients were available for protein analysis. As shown in Table 3 , clinical response to therapy correlated with statistically significant reductions in BAL fluid concentrations of TNF-␣, sTNFRI, sTNFRII, IL-6, sCD14, LPB, IL-8, MCP-1, and total protein.
A similar proteomic profile was examined in the plasma of study patients. In this set of experiments, analysis of patient pre-HCT samples, along with plasma collected between days 14 and 21 from allogeneic HCT recipients without complications, were also included as controls. As shown in Figure 4 and Table 4 , the development of IPS was associated with high plasma concentrations of each protein measured with the exception of IL-1-␤, IL-2, and IFN-␥. Of note, no differences in plasma protein concentrations were noted at the time of diagnosis among patients who ultimately responded or failed to respond to etanercept therapy (Table 4) . In accord with previous work in patients with acute GVHD, 19, 21, 22 sTNFRI levels represented a surrogate marker of systemic inflammation associated with both the onset of IPS and response to therapy ( Figure 5 ). Similar findings were observed with respect to IL-6, sCD14, LBP, and MCP-1 (Table 4) . By contrast, plasma protein levels continued to rise or showed no significant decrease in the single nonresponding patient who survived to the end of the 28-day study period (data not shown). Plasma sTNFRII levels were markedly increased in responding patients at the end of therapy, consistent with the measurement of systemically administered etanercept (rhTNFR:Fc).
Discussion
IPS is a frequently fatal complication after allogeneic HCT, with a 7% to 15% incidence in the first 120 days after full-intensity conditioning. [3] [4] [5] [6] The median time of onset is between the second and third weeks after HCT. 4, 5 Clinical outcomes for patients with ETANERCEPT FOR IDIOPATHIC PNEUMONIA SYNDROME 3077
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IPS have been poor, with mortality rates ranging from 50% to 80% overall, and the median time from diagnosis to death as short as 13 days. [3] [4] [5] The definition of IPS encompasses a heterogeneous group of descriptive disorders that are associated with diffuse alveolar damage or an interstitial pneumonitis (reviewed by Cooke and Yanik 7 ). DAH is viewed as a subset IPS, in which acute pulmonary hemorrhage associated with hemorrhagic alveolitis is present. Clinically, DAH is defined by the demonstration of progressively bloodier aliquots of BAL fluid (typically without frank hemoptysis) in the context of progressive shortness of breath, cough, and hypoxemia with or without fever. 8, [23] [24] [25] [26] Periengraftment respiratory distress syndrome also falls within the clinical spectrum of IPS, and is characterized by fever, dyspnea, and hypoxemia that occur with engraftment after an autologous or allogeneic transplantation. 7, 8 Although peri-engraftment respiratory distress syndrome may occur after either autologous or allogeneic HCT, the 2 entities differ distinctly with respect to overall outcome. 4, 27, 28 In the patients reported in this study, 2 patients met criteria for DAH and 11 of 15 (73%) patients developed IPS within 7 days of engraftment.
Risk factors for IPS consistently include conditioning with total body irradiation, older recipient age, and the development of severe GVHD, 4, 6, 9, 29 and the likelihood of developing IPS increases with the number of identified risk factors. 29 Recently, the cumulative incidence of IPS was found to be significantly lower after nonmyeloablative conditioning than observed after full-intensity conventional conditioning. 6 Once established, however, pulmonary toxicity was severe and resulted in significant mortality in each group. These findings suggest that the intensity of HCT conditioning plays an important role in the development of IPS, as has been shown in mouse models of disease. 30, 31 In a retrospective analysis performed at the University of Michigan, the incidence of IPS after allogeneic SCT ranged from 5% to 20%, depending on the donor source and the degree of antigenic mismatch between donor and host. 5 In this context, BMT recipients of mismatched, unrelated donors had the highest risk of developing IPS. Collectively, these data suggest that unrelated donor BMT patients receiving full intensity conditioning with total body irradiation may be at particularly high risk of developing IPS. It is anticipated that the completion of an ongoing phase 3 Bone Marrow TransplantClinical Trials Network trial will better define the impact that such factors have on prognosis.
The association between IPS and severe GVHD that has been reported in several large series, 3, 4, 8, 9, 29 along with the development of reproducible lung injury in rodents with GVHD, 30, [32] [33] [34] suggest that immunologic factors may also be important in the pathophysiology of IPS. The development of acute GVHD may precede IPS, suggesting a possible causal relationship between the 2 disorders. [9] [10] [11] In the current trial, 9 of 15 patients exhibited acute GVHD at the onset of study therapy. Six of the 9 had resolution of their GVHD within the 28-day study period. Whether IPS represents a severe form of lung GVHD or simply a severe sequelae of cytokine activation associated with acute GVHD remains a topic of considerable debate and ongoing investigation. 7 Studies using animal IPS models have provided valuable insights into the pathogenesis of this disorder. Pulmonary inflammation observed in mice with GVHD is accompanied by significant increases in TNF-␣ levels both in lung tissue and BAL fluid. 33, 35, 36 Furthermore, a causal role for TNF-␣ in the development of experimental IPS has been established using neutralization strategies 37, 38 and TNF-␣-deficient mice as HCT donors. 36, 39 The actions of TNF-␣ are mediated by 2 receptors: a 55-to 60-kDa type I receptor (TNFRI; p55/60; CD120a) and a 75-to 80-kDa type II receptor (TNFRII; p75/80; CD120b). [40] [41] [42] Both receptors are coexpressed in almost every cell in the body and exist as membranebound proteins that can be shed to circulate as soluble receptors in the context of inflammation. Indeed, concentrations of both sTNFRI and sTNFRII were markedly increased in the plasma and BAL fluid of patients with IPS in accord with earlier studies in humans and mice. 2, 43 We have recently shown that TNFRII expression on host tissues contributes to the development of experimental IPS; the absence of TNFRII in murine allogeneic HCT recipients is associated with a decrease in the severity of lung injury. 44 Consistent with previous reports on clinical and experimental IPS, patients in this study showed evidence for pulmonary vascular injury and leak as demonstrated by pulmonary edema and increased BAL fluid total protein levels at the time of diagnosis ( Table 3) . Endothelial cell injury is well recognized after allogeneic HCT and has been implicated as a direct contributor to the development of several other transplantation-related complications, including IPS. 45, 46 Our group has demonstrated that experimental IPS is accompanied by significant pulmonary vascular endothelial cell apoptosis that is significantly reduced after the administration of etanercept. 47 In the current study, responses to the combination of etanercept and corticosteroids were associated with a reduction in systemic cytokine concentrations and marked decreases in inflammatory protein levels in the BAL fluid, consistent with improved pulmonary vascular integrity and permeability (Table 3) . Collectively, clinical and preclinical data therefore suggest that TNF-␣ may function as both an effector and facilitator of lung injury by contributing directly to endothelial cell injury and death, and regulating the chemokine milieu in the lung during the early stages of IPS. 36, 47 There is currently no established therapy for IPS, but standard treatment approaches include supportive care measures in conjunction with broad-spectrum antimicrobial agents with or without intravenous corticosteroids. 4, 5, 8 Although anecdotal reports of responses to standard therapy are available, responses are limited and the mortality of patients diagnosed with IPS remains unacceptably high. 3, 4, 6, 8 Moreover, high-dose corticosteroid therapy (Ͼ 2 mg/kg per day of methylprednisolone equivalent) has not been shown to improve outcome compared with lower doses of corticosteroids (Յ 2 mg/kg per day). 6 Implementation of advanced supportive care measures, including the use of continuous veno-venous hemofiltration, may help to improve survival in some selected patients, 48 but prospective studies are lacking in the literature. The current study confirms and extends results from our initial case series in patients with IPS 5 and shows that the combination of etanercept plus corticosteroids is associated with favorable outcomes, with CRs noted in 67% of patients. Eleven of 15 patients (73%) survived through the 28-day study period, and 60% survived to discharge. Importantly, the time to response was rapid, with elimination of supplemental oxygen support a median of 7 days in responding patients. Importantly, aside from a single dose-limiting toxicity involving a grade 4 dermatologic event, the combination of steroids and etanercept was well tolerated. Bacteremia was noted in 3 of 15 patients, but no episodes of sepsis or concurrent fungal infections occurred while on study. Injection site reactions, commonly reported in patients with nonmalignant conditions, were not seen in this trial.
In conclusion, IPS remains a leading cause of treatment-related mortality after allogeneic HCT. The current pilot study represents an example of translational research wherein laboratory insights using established animal models of human disease were directly transformed into a novel treatment strategy for a frequently fatal clinical complication. Our data demonstrate that the addition of etanercept to standard-dose corticosteroids and supportive care measures is associated with encouraging response rates and an 
